NH3(C3HT)]2[PbC14], Mr=469 , orthorhombic, Pnma, a--7.815(1), b=25.034(3), c= 7.954 (1)/~, V= 1556/~3, Z = 4, D x = 2.0 g cm -3, D m not measured, 2 (Cu Ka) = 1.54178 A, # = 271 cm -~, F(000) = 880, room temperature (~295 K), 1228 non-equivalent diffractometer data up to (sin0)/2 = 0.6 A -1, final R(F) = 0.079, wR(F) = 0.091. This compound crystallizes in a perovskite-type layer struc-ture. The C1 octahedra centred by Pb atoms form infinite two-dimensional layers which are sandwiched between the propylammonium chains. The results show a net deformation of C1 octahedra. Introduction. The perovskite-type layer compounds, with the general formula [NH3(C,,I-I2n+I)]2[MCI4] , where M is a metal, show a two-dimensional structure.
D x = 2.333 g cm -3, 2(Cu Ka) = 1.5418 A, # = 295.6 cm -l, F(000) = 696, T= 293 K, R = 0.03 for 1866 observed reflections and 175 parameters refined. Ca2+.C6HsO2-.4H20, M r = 320.2, orthorhombic,
Pcan, a = 7.349 (1), b = 11.632 (1), c = 15.118 (2) A, V= 1292.3A a, Z=4, D x=l.646gcm -3, 2(CuKa) = 1.5418A, #=46.37cm-', F(000)=664, T= 293 K, R = 0.032 for 1156 observed reflections and 111 parameters refined. The galactarate ion is centrosymmetrical in both structures, although the Ba salt contains independent half-ions. The Ba ion is ninecoordinated (tricapped trigonal prism) and the Ca ion is eight-coordinated (square antiprism). Ca-O and Ba-O distances are in the ranges 2.400 (1) to 2.544 (1) and 2.656 (5) to 2.929 (5) A respectively.
Introduction. Chelation of divalent cations (particularly calcium) by carbohydrates in the solid state and in aqueous solution is of considerable interest in the biological field (Morris, Rees & Robinson, 1980) . A specific example of this is the binding of calcium ions by the polysaccharide hydrocolloids alginate and pectin, in the course of which gels are obtained. In both cases it has been suggested that, at the molecular level, polysaccharide-chain conformations are such that suitable coordination sites are provided by two chains leading to cooperative calcium binding in so-called 'egg 0108-2701/89/020191-04503.00 boxes' (Belton, Morris & Tanner, 1985) . Specific binding of barium and strontium also occurs and leads to similar gel formation but there appears to be no specific binding for smaller cations such as magnesium.
Although suitable coordination sites for divalent cations involving carbohydrate hydroxyl and carboxyl groups have been identified by model building, there are still few experimental data on the coordination of divalent cations by carboxylated carbohydrates.
The present study concerns the molecular structures of crystalline salts of calcium and barium galactarates. This is part of a systematic investigation of the crystalline salts of o-glucaric and -galactaric acids as models for potential binding of divalent cations by polysaccharides containing carboxyl groups. One structure, a re-determination of the structure of calcium D-glucarate, has already been published (Burden, Mackie & Sheldrick, 1985) .
Experimental. Ba salt. Prepared from potassium galactarate and barium chloride solutions; crystal 0.29 x 0.14 × 0.14 mm; Enraf-Nonius CAD-4F diffractometer; Cu Kct radiation; cell dimensions calculated from 0 measurements of 36 reflections (28 < 0 < 64°). 3690 reflections measured; 20max= 120°; h-12 to 12, k-12 to 12, I0 to 12; data merged using SHELX76 (Sheldrick, 1976) giving 1868 unique reflections, R,n t = 0.053; 309 additional reflections flagged as weak [I < 30(/)]. As an intensity check the 604 reflection was used: average count 1205 and t7 (calculated from the Ba2+.C6HsO2-.H20 AND Ca2+.C6HaO2-.4H20 distribution) = 26.6 (2.2%). Absorption was corrected using the program DIFABS (Walker & Stuart, 1983) ; max., min. transmission 1.642, 0.939. Structure solved by the Patterson method using SHELXS86 (Sheldrick, 1985) and least-squares refinement carried out for the positional parameters of all the atoms with anisotropic thermal parameters for the non-H atoms and fixed isotropic thermal parameters (equal to Ueq of the cormected atom) for the H atoms, using SHELX76; ~,w(AF) 2 minimized, unit weights; H atoms located from difference Fourier synthesis; R=0.030, wR =0.033. In the final SFLS cycle, max. shift/e.s.d. 1.371 (H), 0.473 (non-H), average 0.050; on final difference Fourier synthesis max. and min. electron densities 0.65 and -0.71 e/k -3.
Ca salt. Prepared from potassium galactarate and calcium chloride solutions; crystal 0.12 x 0.23 x 0.23 mm; Enraf-Nonius diffractometer; Cu Ka radiation; cell dimensions calculated from 0 measurements of 39 reflections (35 < 8< 61°). 4174 reflections measured; 28ma x = 140°; h -8 to 8, k 0 to 14, 1-18 to 18; data merged using SHELX76 (Sheldrick, 1976) giving 1193 intensity check the 136 reflection was used: average count=3710 and a (calculated from the distribution) = 44.9 (1.2%). No absorption correction was made. Structure solved by the Patterson method using SHELXS86 (Sheldrick, 1985) (Motherwell & Clegg, 1978) .
Discussion. Fig. 1 shows the structures with the labelling scheme. Fig. 2 gives packing diagrams of the unit cells viewed along y (Ba sal0 and along x (Ca sal0. Atom coordinates and equivalent isotropic temperature factors for both structures are given in (7) C12-O12 1.429 (7) C2-C3 1.535 (7) C12-C13 1.537 (8) C3-O3 1.428 (7) C13-O13 1.429 (7) C3-C3' 1-528 (10) C13-C13' 1.527 (10) OI-CI-OIA 124.6 (6) OlO-Cl 1-O11 124.6 (5) Ol-CI-C2 117.7 (6) Ol0-Cl I-C 12 115.2(5) OIA-C 1-C2 117.7 (5) O11-CI 1-C12 120.1 (5) C 1-C2-C3 109.1 (4) CI 1-C12-C13 107.2(5) C 1-C2-O2 108.7 (5) Cl 1-C12-O12 109.9 (4) O2-C2-C3 I09.6 (5) O12-C12-C13 ll0.1 (4) C2-C3-C3' 112.4 (5) Cl2-Cl3-C13' 111.9(5) C2-C3-O3 106.7 (4) C 12-C 13-O13 109.9 (5) O3-C3-C3' 110.0 (5) O13-C13-C 13' 106.0 (5)
1.429 (2) O1-CI-O2 125.7 (l) C 1-C2-C3 117.9 (l) OI-C1-C2 I17.9 (l) C1-C2-O3 111.4 (1) O2-C1-C2 116.3 (1) O3-C2-C3 106.9 (I)
Barium galactarate
The asymmetric unit consists of a Ba ion and two separate half galactarate ions. The latter are connected through different centres of symmetry to symmetryrelated half-molecules. Examination of the lengths of corresponding bonds in the two half-molecules shows (7) A for the other three. Hydrogen bonding. The single water molecule is prominent in the hydrogen-bond network, accepting two bonds (from equivalent hydroxyl groups of the two half-molecules) and donating a hydrogen bond (bifurcated) to a hydroxyl group and a symmetry-related water molecule. The latter values are weaker with H...O distances of 2.340 and 2.465 A compared with the average of 1.840 A for the other four.
Calcium galactarate
The asymmetric unit consists of one half of a Ca 2+ ion (on a twofold rotation axis), one half of a galactarate ion (related to the other half by a centre of symmetry) and two water molecules. This contrasts with the structure of the Ba salt which has two distinct half-molecules of the galactarate ion, a unique Ba 2+ ion and one water molecule per asymmetric unit. Bond lengths and angles have normal values for carbohydrates (Foces-Foces, Cano & Garcia-Blanco, 1981) .
Ca 2+ coordination. Each Ca 2÷ ion is coordinated to eight O atoms, with the Ca-O distances in the range 2.40 (1)-2.54 (1) with an average = 2.46 A (Table 3b ). The four O atoms listed are symmetry related (twofold rotation axis) to the other four, producing a characteristic square-antiprism arrangement around the Ca 2+ ion, with near-normal Ca-O distances for this type of coordination as established by Einspahr & Bugg (1981) .
Hydrogen bonding. All hydroxyl H atoms take part in the hydrogen-bonding scheme with the second water molecule (not involved in the calcium coordination) being a receptor for two H bonds and a donor for two.
